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Introduction
Inequality within a country is a phenomenon widely studied in three areas: the unequal distribution of wealth, disparities in the conditions of life of different population groups, and the gap between the salaries of workers. Currently, at a global scale, an important gap exists between the salaries of the poorest and richest population, where the wealth of 62 multimillionaires equals the wealth of half of the entire population (Elliot, 2016) . Mexico is situated inside the 25% of countries that have the highest levels of inequality (Frederick, 2016) ; to diminish this gap, objectives have been proposed in its development policies and government programs have been created; even during the initial process of commercial liberalization in 1994, with the dawn of the North American Free Trade Agreement (NAFTA), an increase in workforce productivity that would help diminish this wage inequality was expected. Even though this didn't happen in certain sectors, as was the case with manufacturing where data indicates that from 1993 onward, labor supply in this sector increased, diminishing the salary of workers in this sector (Messmacher, 2000) , countrywide evidence has pointed out that the level of wage inequality in Mexico started to diminish from the implementation of NAFTA in 1994, at least until 2010 (Campos-Vázquez, 2013) .
The objective of the present investigation is to measure the impact that demographic, labor, and sector variables have on the wage inequality of Mexico in the period 1988 to 2017, as well as the effect that NAFTA has had on the wage gap. Finally, the effects of demographic, labor, and sector variables before and after NAFTA will be compared.
The following graph shows the levels of average wage inequality, measured as the differential between the logarithm of the average wages of the 90 th and 10 th percentiles, of 15 of the main entities in Mexico starting from the presidency of Carlos Salinas de Gortari, whose government carried out the 1998 financial reform that established the basis of a financial system that corresponded to the Mexican market's globalization tendencies prior to NAFTA's adoption.
Graph 1. Wage inequality by federal entity, 1988-2017
Source: Own elaboration with ENEU-ENOE data 1988 The graph shows that the states that have the highest levels of inequality are Puebla, San Luis Potosí, Tamaulipas, Tlaxcala, Veracruz and Yucatán. In general, an upward trend is observed in wage inequality during the period prior to NAFTA, 1988 to 1993 (except in Baja California, Tlaxcala and Veracruz) ; after this year, the data indicates an increase in wage inequality in the first years of NAFTA and a slight decrease in the following years. It is important to note that in 2017, the level of inequality of all entities is similar to that of the 1990s, prior to NAFTA.
To analyze the composition of this wage inequality measurement, the following graph shows the average real wage of the 10 th and 90 th percentile of the wage distribution, using as a reference the wage found in 50% of the distribution in each entity and year. ENEU-ENOE data 1988 As can be observed, the hourly wage of the 10 th percentile in all entities has been maintained practically at the same level, around $10, while the wage of the 90 th percentile has presented a greater variation. When comparing the wage of 1994 to that of 2017 within the 90 th percentile the data shows that Nuevo León, Tamaulipas and Yucatán presented a decrease of more than 64%, while in Baja California it was around 80% going from $90.07 to $49.87. This investigation is divided in five sections: the next section summarizes the literature review, the third describes the methodology used, the fourth presents the results. Finally, in the last section the conclusions and main findings are presented.
Literature review
Economic theory establishes that inequality can be measured by means of wealth or the possession of assets and properties, wages, earnings, population structure, and the redistribution of government transfers, with wage being the most used in literature (Todaro and Smith, 2012) .
The literature identifies at least three causes for wage inequality: change in demand, change in supply, and institutional changes in the labor market. Within changes in demand, two factors are found as the main elements: the first relates to the increase in inequality with globalization and the greater competition of intensive goods, while the second identifies the relationship between changes in technology and skilled labor demand (Castro and Huesca, 2007) . To measure wage inequality, several different indicators can be used such as relative wage disparity between qualified workers and non-qualified workers (Krueger, 1993; Juhn, Murphy and Pierce, 1993; Card and DiNardo, 2002) , or the distribution between formal and informal workers (Marcouiller, de Castilla and Woodruff, 1997; Krstić and Sanfey, 2011; Kahyalar, et. al., 2018) , the relative difference of wages between percentiles (Budría and Moro-Egido, 2008; Dustmann, Ludsteck and Schönberg, 2009; Antonczyk, Fitzenberger, and Sommerfeld, 2010; Tansel and Bodur, 2012) , equations of salaries that try to identify variations in the performance of different education groups (Dolton, O'Neill and Sweetman, 1996; Card, 2001; Weichselbaumer and Winter-Ebmer, 2005; Blau and Kahn, 2017) , a fixed inequality index like Gini or Thiel's index (Sala-i-Martin, 2006; Islam and Safavi, 2019; Yang and Cao, 2019) , and the coefficients of variation (Katz, 1999; Lemieux, 2006) , among other measurements that consider wellbeing in the distribution.
Among the research with the greatest relevance in Mexico's wage inequality one can point to Castro and Huesca (2007) who perform a literature review about the labor market and the problems of wage inequality. The authors find a consensus during the second half of the 1980's: Mexico presented growth in wage disparity, where the characteristic element was a greater rate of education levels and training caused by changes in demand (commerce and technological change), fluctuations in supply and institutional changes; meanwhile, in the first half of the 1990's, there was a decrease in wage inequality, but only due to relative changes in the returns to education. In general, the authors found that in the studies included in their research, commercial liberalization was a catalyst in the process of technological change, through the cheapening of capital goods, foreign investment and the ease of exports and imports of inputs.
Considering these two same decades, Meza (1999) Meza (2005) expanded the period analyzed to 1999. The author found, through a regression of weighted ordinary least squares, a positive relation between investment in higher education and inequality in the lower part of the wage distribution. The author concludes that wage inequality is explained by changes in occupational structures of businesses and by biased technological change.
A study by Campos-Vázquez (2013) utilized data from the National Household Income and Expenditure Survey (ENIGH, as per its Spanish acronym) to analyze the variations in wage inequality and its relation to work experience returns caused by NAFTA in the upper part of the wage distribution in the period of 1996-2006. Using a decomposition analysis of relative wages, the author found that wage inequality was reduced in 15% starting from 1994 onwards due to the increment in the relative supply of qualified workers that NAFTA caused. Being that the wage structure is defined in great measure by the supply and demand of workers with different education and experience levels, what he found was that labor demand by education level was defined in great measure by international commerce and by the characteristics of technological change. The author found that the effect that commercial liberalization had over wage inequality in Mexico was opposite to what the standard trade model assumes, since instead of reducing the rate of qualified wages with respect to non-qualified wages, in Mexico due to the relative abundance of this type of work with respect to the United States, this ratio increased. Theory indicates that the policies of trade liberalization should diminish inequality in developing countries and change the wage structure of industrialized nations.
Another recent study that measures inequality but considers the period of 1989 to 2010 is carried out by Campos, Esquivel and Lustig (2014) , where the ENIGH was used and they applied the recentered influence function to decompose the changes of wages per hour into its characteristics and yields. The authors corroborated the results obtained by previously named authors: inequality increased in the period of 1989 to 1994, diminished between 1994 and 2006, and presented a slight increase during the period of 2006 to 2010. They also found that in Mexico the rates of return of hourly wages for workers with secondary, upper-secondary, and higher education present a direct relation to wage inequality.
The present study analyzes the effect that NAFTA has had on Mexico's inequality of the 15 most representative entities of Mexico in the period 1988 to 2017 and measures the incidence of different factors that determine it. While this study includes only 15 entities (due to the availability of the data), the rest of them would be expected to present wage inequality levels no greater than these entities, so the results could be considered as representative of the entire country. The theory of comparative advantages of international trade sustains that with free trade, nations will specialize and export those goods and services in which a comparative advantage exists in respect to other nations, and will import goods and services in which they present disadvantages ( Kilic, 2002) ; for the case of Mexico, a country with abundant unskilled labor with respect to the United States, it would be expected that as a result of the entry to NAFTA this relative advantage would increase the demand of this type of work, generating an increase in its salary and diminishing wealth inequality, in addition to generating a relative improvement in the price of intensive goods in unskilled labor.
Methodology

Data and sample
This investigation defines inequality as the relative difference between the logarithm of the average wages of the 90 th and 10 th percentiles. The 90 th percentile was considered since it was the measure of wage distribution that presented the most relevant change in average real wage during the analyzed period, whereby it will be considered as the upper part of the wage distribution. The model proposed by Meza (1999) was used as a reference, which considers the effect that economic cycles, and changes in population, occupational and sectorial structures have on the 15 most representative metropolitan areas of the country in terms of wage inequality. Data from the National Survey of Urban Employment (ENEU) for the period 1988-2004, and from the National Survey of Occupation and Employment (ENOE) for the period 2005-2017, both surveys carried out by the National Institute of Statistics and Geography (INEGI, as per its Spanish acronym) were used. The ENEU is a trimestral survey that compiles sociodemographic, labor and wage information of 15 metropolitan areas 1 , which are considered the wage markets of the country at a state level. There are three distinct revisions of the basic questionnaire of these two surveys : 1987-1994 1 , 1995-1999, and 2000-2004 . It is worth mentioning that the ENOE obtains the same information as the ENEU, and although it already considers all the federal entities, in this study only the same 15 entities will be considered. The sample was made up of men and women of working age (15 to 65 years) 3 and the information related to their main employment was considered. Unpaid workers were not considered as they did not have salary information.
As mentioned before, the model considers the change in sector structures, for which the three most important sectors in Mexico were included: the service sector, which in addition to representing on average about two thirds of Gross Domestic Product (GDP), captures the greatest proportion of economic output; the manufacturing sector, which represents almost a fifth of GDP with a strong concentration in the north and center of the country, and the agricultural sector, where a fifth of the Mexican population works; regarding the population structure, the variables taken into account were the proportion of people with completed higher education, the proportion of people that have no studies, the proportion of people of age entering the labor market (15 to 25 years) and the proportion of people of age to exit the labor market (56 to 65 years); in the occupational structure, the considered variables were the proportion of people with managerial positions and the proportion of people with assistant positions. Finally, a neighborhood variable was included to control the ordinary effects of the economic cycle through the level of unemployment of each entity in each quarter. Table 1 contains the descriptive statistics of the wage sample. The periods 1988-1993 and 1994-2017 were used as a reference to observe the changes in real wage before and after NAFTA's signing. The data indicates that the average wage before NAFTA is greater than the wage after it in all entities except for Mexico City, Nuevo León and Tlaxcala. The means tests performed for each entity were all significant except for Tlaxcala, which indicates that all entities presented a statistical difference in their real wage before and after NAFTA. Regarding the dispersion of wages, the data shows that Chihuahua is the state with the greatest dispersion in both periods.
When analyzing the 10 th and 90 th percentiles, it is observed that Baja California has the highest average real hourly wage in the period prior to NAFTA with $100.67, which represents 12 times the wage of Tlaxcala ($8.15 ). This same comparison in the period after NAFTA shows that the average wage of Baja California in the 90 th percentile ($86.65) is equivalent to 11.9 times that of Tlaxcala in the 10 th percentile ($7.25). In summary, a slight decrease of the wage differential is observed: before NAFTA the 90 th percentile was 12.34 times greater than the 10 th percentile, while after it's signing it was 11.9 times greater.
When analyzing the 10 th and 90 th percentiles, it is observed that Tlaxcala has the lowest average real hourly wage in the period prior to NAFTA with $8.15, which represents 12 times the highest average wage which belongs to Baja California ($100.67).
Models
To measure the effect that changes in population, occupation, and sector structures have on wage inequality, the following Ordinary Least Squares (OLS) 5665 k e is the proportion of people between 56 and 65 years with respect to the working age population; withoutk is the proportion of the population that does not have studies with respect to the working age population; higherk is the proportion of the population that has completed a higher education with respect to the working age population; to measure the changes in the sectorial structure the following variables were considered: agrk represents the proportion of workers in the agricultural sector with respect to the working age population; manufk represents the proportion of workers in the manufacturing sector with respect to the working age population; servk represents the proportion of workers in the service sector with respect to the working age population; to measure the change in occupational structure, the following variables were considered: managersk represents the proportion of people in managerial or executive positions with respect to the working age population; manualk represents the proportion of workers as manual laborers, artisans or assistants with respect to the working age population. The unempk variable is the rate of unemployment that includes the economic cycles, NAFTA is a dichotomous variable equal to 0 for the years 1988 to 1993 and equal to 1 from 1994 to 2017, and finally, k  is the error term that is assumed to have a normal distribution with a mean of 0.
The following fixed effects model will be estimated to account for the heterogeneity of each entity: 
where subscript k refers to the federal entity and t indicates the year; the error term is decomposed in two parts: k v represents the fixed effect for each entity and t u the random effect.
The rest of the variables are defined as in equation 1. Inequality presents a structural change starting from the implementation of NAFTA, so model 2 will be estimated for each of the periods with the purpose of comparing the change in the coefficients.
In general, it's expected that the sign of variable e1525 be a positive one, given that an increment in the proportion of people entering the labor market represents a greater labor supply, which would decrease wages, and therefore would have an increment in wage inequality. For variable e5665 the contrary is expected given that an increment in the proportion of people exiting the labor market represents the exit of high salaries due to their labor experience, and therefore, a decrease in wage inequality.
For the variables without and manual a positive sign is expected since they represent unskilled workers which receive the lowest salaries in the wage distribution, so that each increment in the unskilled workforce would increase inequality. On the other hand, the variables higher and managers represent the proportion of skilled workers and it is expected they have a positive relation with wage inequality since they receive the highest salaries.
Within the sector variables, manuf would have a positive relation with wage inequality because it captures the wage of a considerable number of unskilled workers laboring in factories and maquiladoras. In an analogous manner for variables agr and serv a positive sign would be expected given the low compensation levels for jobs in these sectors. Variable unemp would be expected to have a positive sign given that it represents the ordinary effects of the economic cycle. For variable NAFTA a negative sign is expected since the data shows a tendency for wage inequality to decrease in the period described by this qualitative variable.
Additionally, it is important to know if inequality among entities is stationary or not to identify if inequality is stable throughout time, so the Fisher unit root test for panel data 4 will be used, which consists of estimating the following model:
where Y is wage inequality and ´, represents the matrix with each specific mean of each entity and the linear trend in time. This fixed effects model and tendency was considered since inequality in none of the entities is zero and because the policies to decrease inequality apply to all entities in the same time period.
Results
With the purpose of comparing the obtained findings, Table 2 shows the results of equations 1 and 2 to explain the 90-10 wage differential of the 15 most representative entities of Mexico during the period 1988-2017. The first column corresponds to the model of Ordinary Least Squares (OLS) while the second to the Fixed Effects model consistent in heteroscedasticity and autocorrelation. When comparing the results, it is observed that the coefficient for the proportion of young people in the labor market increases its magnitude when correcting the bias obtained from the OLS model, so the final effect is of 1.9. As was expected, an increase in the proportion of people that begin their working life increases the wage gap, and an increase in the proportion of people soon to leave the workforce decreases it. Comparing the effect that these two groups have, the results show that the impact that generates an increment in the proportion of people between 56 and 65 years is almost double the one that would be obtained with an increment in the proportion of youths due to their high wage levels.
The effect that generates an increment in the proportion of people without studies was overestimated, staying at 1.6 after correcting the bias; on the other hand, in the case of the variable for the proportion of people that have a higher education in the fixed effects model, it is not a factor that influences wage inequality.
A strong effect is observed in the sectors considered, that is, agriculture, manufacture and service, where an increment in the proportion of people in these sectors would increase wage inequality if the whole period analyzed from 1988 to 2017 is considered.
The dichotomic variable NAFTA has a direct relation to wage inequality, which means that starting from 1994, the wage inequality of the 15 entities increased in 0.185, or in other words, the highest percentile in the distribution represents 1.2 times the lowest percentile. This result contrasts the one obtained with OLS where the effect of NAFTA over inequality was underestimated.
Once the variables that have an impact on wage inequality have been determined, Table 3 shows the results of equation 2, where the impact that these variables have in each period is compared, with the purpose of seeing the change that has been generated after entering NAFTA. The first column corresponds to the period of 1988 to 1993, and the second column to the period of 1994 to 2017. In both cases the Fixed Effects model is consistent in heteroscedasticity and autocorrelation.
In the regression that considered the years after NAFTA, the determination coefficient shows that a 65.2% variability in the 90-10 wage differential is explained with the independent variables, compared to a 49.8% value for the years prior to NAFTA, which indicates that the considered variables have taken on greater relevance in the former.
When comparing the results, it is observed that the proportion of young people coefficient (e1525) is positive in the period after NAFTA, since an increase in this variable, given the population dynamics of the country where there are more and more young people to contribute towards increase inequality, which indicates that the relative wages of this group are lower when compared to other age groups, as is the case for people soon to retire, where evidently their salary is greater, which decreases the wage gap. The results indicate that the labor market does not reward a greater investment in human capital with greater wages in relative terms, nor the opposite case, that is, when people do not have an education, or in other words, the education level is not a factor that influences wage inequality. Regarding the type of occupation, the variable that represents the proportion of workers with management positions apparently was not determinant to wage inequality before 1994, but starting from NAFTA onwards it is the variable with the greatest magnitude (4.5) indicating that the occupational adjustment that was generated after this commercial treaty meant greater salaries with relation to other occupations, increasing the wage gap.
The sectorial variables used in this investigation present different results before and after NAFTA. The proportion of jobs in manufacturing is not significant in neither of the periods, an opposite in Table 2 , where this variable directly contributed to wage inequality. In the case of the agricultural sector variable, the magnitude of the coefficient is reduced after the structural change: before 1994, for each increment of 1% in the proportion of jobs in the agricultural sector, wage inequality increases in 7.22 (the upper percentile is 1,366 times greater than the lower percentile), after the Once the results show that the effects which increase inequality the most after NAFTA are the proportion of people that work in management positions and the proportion of people that work in the agricultural and services sectors, two graphs are presented to explain their effect on the inequality level.
Graph 3 shows the average real wage of the people with managerial positions and the average wage of the entity. It is observed that in all states, in the period prior to NAFTA the average wage for the people with managerial positions is like the one obtained by the average wage of the entity, but starting from 1994, the wage of the people with managerial positions increases due to biased technological changes towards these occupations (Meza, 2005) . It is observed that the states where the greatest salaries are obtained are Tamaulipas and Yucatán, states which according to Graph 1 presented the highest levels of inequality.
Graph 3. Average real wage per hour for managers by entity
Source: Own elaboration with ENEU-ENOE data 1988 According to the results obtained from the estimations, the variable for the percentage of people employed in the agricultural and services sectors has a strong effect on inequality. Graph 4 shows the proportion of people employed in each sector with respect to the working age population. 
Graph 4. Proportion of people employed by sector
Source: Own elaboration with ENEU-ENOE data 1988 It is observed that the entities that have had a greater growth in the proportion of people employed in the agricultural sector between 1994 and 2017 are Baja California and Puebla; and in the services sector this is found in Tlaxcala. In Graph 1 it had been found that these states presented prominent levels of inequality.
Finally, table 4 presents the results of the Phillips-Perron unit roots test in panel data. The results indicate that in the four methods proposed by Choi (2001) the null hypothesis is rejected, that is to say, in these states the inequality variable has unit roots, therefore, it is concluded that at least on one state inequality is stationary, indicating that it is stable across time (the values of the series and its variability tend to oscillate around a constant mean). 
Conclusions
The results of the investigation show that the implementation of NAFTA directly impacts wage inequality. This means that from 1994 onwards, the wage gap increased between the richest and the poorest.
It was found that the proportion of workers in the services sector directly affects inequality, indicating that the relative wages payed in this sector are less than those payed in other sectors. The sectorial variable with the greatest impact on wage inequality was the one corresponding to the agricultural sector due to a decrease in labor supply that it presented, attributed to the loss of 1.3 million jobs in this sector from NAFTA onwards (Audley et al, 2003) .
Although the manufacturing sector has had a relevant role in the Mexican economy after the implementation of NAFTA by attracting assemblers, factories, and new jobs, results indicate that the salaries obtained by this sector are irrelevant in terms of affecting wage inequality.
It was found that, in general, despite the obtained results in terms of wage from the implementation of NAFTA onwards, this economic integration has not diminished the wage differences as was expected; on the contrary, NAFTA has slightly increased the level of wage inequality of the Mexican people. Carlsen (2005) attributes this result to the fact that wages do not correspond to factors of the free market, but instead to other factors, which include: the political power of the labor sector, national and business policies, greater competition of China and Central America, and the lack of controls over transnational corporations. Other authors attribute the variations in inequality to fluctuations in the local labor markets and education supply (Meza 1999 (Meza , 2005 , the production at a state and regional level (Messmacher, 2000) , and the transfer of workers between productive sectors (Audley et al, 2003) .
In 2017 the current government signed the initiative with draft decree to level the wages of workers to more equal terms. This law proposes the adjustment of minimum wages as a "recognition of the labor demands of the workers, who within their vulnerability have paid the cost of an erroneous policy of competitiveness based on low wages" (Iniciativa con proyecto de decreto para homologar los salarios y la movilidad de la fuerza laboral en la región del TLCAN, 2017).
